Background: Review of the criteria of anxiety and its types and subtypes and the instruments and methods used to assess anxiety in people with ASD.
Introduction
Autism spectrum disorder (ASD) is characterized by weaknesses in social communication accompanied by repetitive patterns of behaviors and interests (APA, 2013) . In the Diagnostic and Statistical Manual of Psychiatric Disorders (DSM IV & 5), the criteria for ASD include symptoms of anxiety and specific patterns of behavior including at least two of the following (APA, 1994 (APA, , 2000 (APA, , 2013 . concomitant problems such as nervousness, aggression, hyperactivity and anxiety (Lecavalier, 2006; Telman et al., 2017; Amaral, Bauman, & Schumann, 2003; Apter et al., 1991) . Bellini (2006) reported that overstimulation combined with weakness in social skills predicts social anxiety in people with ASD. Awareness in high-functioning young people with ASD of their social disability in terms of misinterpreting social clues and expectations of social failure may aggravate their anxiety and exacerbate their social disability (Myles et al., 2001; White & Roberson-Nay, 2009 ). Anxiety can thus contribute to social avoidance and reduce opportunities to practice appropriate social skills. Although some individuals with ASD may be protected by lack of insight into their social difficulties, many young people with ASD are "particularly aware of their difficulties in social inclusion" (Attwood, 2005, p.97) and experience more loneliness than children of TD (Bauminger & Kasari, 2000) . As the complexity of social relationships and social demands increase in secondary education children with ASD may become more aware of their social disability (Schopler & Mesibov, 1994) which can contribute to changing of mood and development of anxiety (Myles et al., 2001; Wood & Gadow, 2010; Piven & Palmer, 1999) . Adults with ASD show psychiatric comorbidity, including increased anxiety, panic, agoraphobia, OCB and generalized anxiety disorder (GAD) symptoms (Gillot & Standen, 2007; Rumsey et al., 1985) . Higher rates of post-traumatic stress disorder (PTSD) were found in early studies of individuals with developmental disorders and in children with developmental disorders (Kristensen, 2000) . Higher rates of sleep disturbance were observed found in preschool children with developmental disorders (DeVincent et al., 2007) . Clinical performance rates were found lower in children with developmental disorders than in children with other psychiatric problems, including anxiety disorders (Bastiaansen et al., 2004) . It has been suggested that in ASD sensory perception and communication difficulties and limited flexibility may contribute to anxiety (Matson & Nebel-Schwalm, 2007; van Steensel, Bogels, & Perrin, 2011; Jensen Mrazek et al., 1997; Mehtar & Motavalli, 2011; Kerns & Kendall, 2012; Wood & Gadow, 2010 ). An increase in stereotypical and provocative behavior may reflect an attempt to reduce the stimulation of high levels of anxiety (Hallett et al., 2013b; Ozsivadjan et al., 2012) . Many different factors appear to affect the anxiety in this population. Much of the information on types of anxiety disorder have been derived from samples of people with ASD without additional mental disability (Kuusikko et al., 2008; Renno & Wood, 2013; White et al., 2015; MacNeil et al., 2009; VanSteensel et al., 2011) which limits our understanding of the effect of mental or adaptive capacity in more severe ASD. Herrington and colleagues (2016) conducted a literature review of anxiety in ASD, with a particular focus on the relationship between child characteristics and subtypes of anxiety (social, general, OCD etc.). DSM-5 lists different types of anxiety, including PTSD (Mehtar & Motavalli, 2011) , OCD, panic attacks, social anxiety, GAD, special phobias and substance causing anxiety disorder (Rowney et al., 2010) . In a future version of DSM, their development and adaptation of reliable scales may improve the diagnosis of co-morbidity in people with developmental disorders (APA, 2013; Matson & Nebel-Schwalm, 2007; van Steensel, Bogels, & Perrin, 2011; Jensen, Mrazek et al., 1997) .
As the National Institute of Mental Health points out, mental illnesses are complex and result from a combination of genetic, environmental, psychological and developmental factors (NIMH, 1999b) . Stress is a natural reaction and a necessary warning of human adaptation. Adaptation can become a pathological disorder when it is excessive and out of control. It does not necessarily require external stimuli but may be raised by a wide variety of physical and emotional symptoms as well as changes in behavior and cognition. A genetic predisposition has been identified for two major groups of anxiety disorders, panic and agoraphobia (Hettema et al., 2005) and intergenerational effects have been noted in a long-term study (Weissman et al., 2006) . Pathophysiological mechanisms have not been fully elucidated, but the symptoms of anxiety are believed to be due ti impaired configuration in the central nervous system. Possible explanations include structural (Amaral et al., 2003) and neurochemical disorders (Apter et al., 1991) in the brain that predispose individuals with ASD to experience anxiety with a possible genetic link between ASD and anxiety (Piven & Palmer, 1999) . The physical and emotional manifestations are a result of increased stimulation of the sympathetic system and neurotransmitter system are involved in the regulatory steps (Hoehn, McLeod, Funderburk et al., 2004; Bowirrat et al., 2010) . The most common pathways are the serotoninergic and the noradrenergic neurotransmitter systems regulated by neural networks in different regions of the brain, including the caeruleus and limbic structures (Herrington et al., 2016) . Corticosteroids may increase or decrease the activity of nerve pathways that affect stress-based behavior and brain processes involving fear (Herrington et al., 2016 (Herrington et al., ). 1980 James & Barry, 1984; Stevens & Gruzelier, 1984; Romanczyk et al., 2006) . Romanczyk and colleagues supported the use of psycho-physical recording in the assessment of anxiety in children with ASD. More pronounced autonomic responses were induced by a laboratory stressor in people with high functional ASD than in those of TD and individuals with schizophrenia (Zahn et al., 1987) . A review of functional neuropathological studies concluded that positron emission tomography (PET) showed serotonin and dopamine abnormalities. Magnetic resonance imaging (MRI) showed metabolic weaknesses in the frontal cortex and cerebellum, while magnetoencephalography (MEG) showed higher epileptic activity in patients with ASD. Structural and functional abnormalities in the amygdala hippocampus and the limbic system were associated with emotional processes in ASD including fear and anxiety (LaBar et al., 2006; Mitelman et al., 2017) .
To date the only feasible method of assessment of anxiety is by application of one or more of the instruments that have been developed for this purpose. The development of intervention strategies for ASD populations based on the availability of reliable measurements that are sensitive to change when interventions are applied. Wigham & McConachie (2014) reviewed instruments used to improve the response of young people with ASD.
According to one relevant review 36 different methods of assessment have been used to measure anxiety in children with ASD, including instruments for self-administration and others for parents, clinical staff and teachers (LaBar et al., 2006; Mitelman et al., 2017; Gillot, Standen, 2007; Rumsey et al., 1985; DeVincent et al., 2007; Kristensen, 2000; Bastiaansen et al., 2004; Grondhuis & Aman, 2012) . With few exceptions Hallett et al., 2013b; Leyfer et al., 2006; Storch et al., 2012a) , most of the instruments used to measure anxiety in children with ASD were developed for use with children of TD. And have been evaluated in this population. In addition, young people with ASD may have difficulty with self-referral tools, especially if they have significant cognitive constraints (Wood & Gadow, 2010) .
This review aimed to provide an update on the instruments and processes of assessment of anxiety symptoms used in studies conducted with people with ASD in order to understand their mental and emotional state better. The ultimate objective was to define the best means of identification and measurement of anxiety in young people with ASD, as a basis for appropriate intervention.
The literature review was guided by the following questions: i) What are the current trends regarding anxiety criteria and the instruments and methods of assessment of anxiety in young people with ASD?
(ii) How can ASD symptoms be distinguished from anxiety symptoms? (iii) Do school children with ASD present more symptoms of anxiety disorder then those of TD?
(iv) In which ways is the anxiety of children with ASD expressed at school and out of school?
(v) How are the components of anxiety in children with ASD assessed by the study instruments related to each other?
(vi) How is anxiety and its components parts in children with ASD related to their demographic and epidemiological characteristics? (vii) Are teachers perception on the anxiety of children with ASD school consistent with those of their parents when the children are not in school?
Methods
The selection of the studies on anxiety in people with ASD for the purpose of this paper was based on two criteria: i) the study sample consisted of people diagnosed with ASD, ii) the study included the use of a specific instrument or instruments for the assessment of anxiety.
It was intended to include studies carried out in different countries, to provide a range of cultural environmental settings. An electronic search was conducted in PubMed and PsychINFO. Clinically relevant articles not indexed in PubMed or PsychINFO, book chapters and research papers and books were found through National Instituted of Health (NIH) publications and in the library of the University of Macedonia and the Greek National Foundation of Research.
Results
The literature search yielded 150 studies published between 1980s and 2017 of anxiety in people with ASD which affected their ability to adapt and integrate. In addition, 12 reviews and 7 book chapters were found which included information on instruments for assessing anxiety. Of these 80 fulfilled the criteria of this review. They described a total of instruments used for diagnosing and/or assessing anxiety. Table 2 lists the instruments most commonly used for assessment of anxiety in people with ASD in the studies reviewed here. Fear Survey for Children (Ramirez & Lukenbill, 2007; Matson & Love, 1990; Li & Morris, 2007) 7 Anxiety, Depression and Mood Scale (Esbensen et al., 2003) 8 Glasgow Anxiety Scale for people with mental disabilities (Mindham & Espie, 2003; Dekker et al., 2002) 9
The Instruments
Psychopathology Inventory for Mentally Retarded Adults (Balbo et al., 2000; Masi et al., 2002) 10 Psychiatric Assessment Schedule for Adults with Developmental Disability, the Anxiety Disorders section of the Diagnostic Interview Schedule for Children (Dekker & Koot, 2003; Muris et al., 1998) 11 Early Child Inventory and Child Symptoms Inventory (Weisbrot et al., 2005; Gadow et al., 2004) 12 Yale-Brown Obsessive Compulsive Scale (McDougle et al, 1995) 13 School Anxiety Scale-Teacher Report (SAS-TR) (Lyneham et al., 2008) 14
The Child Behavior Checklist (CBCL) (Achenbach, 2005; Achenbach & Rescorla, 1991; Dutra et al., 2004; Fischbach & Lord, 2011) 15 Anxiety Scale for Children Autism Spectrum Disorder (ASC-ASD) (Rodgers et al., 2016) 16 Spence Children's Anxiety Scale -Children's Version (SCAS-C)
17 Spence Children's Anxiety Scale-Parents' Version (SCAS-P) (Nauta et al., 2004) 18 Screen for Child Anxiety Related Disorders (SCARED)
19 Screen for Child Anxiety Related Disorders-Parent Version (SCARED-PV) (Magiati et al., 2016) 20 Multidimensional Anxiety Scale for Children 2nd edition (MASC 2) (March, 2000) 21 Revised Children's Manifest Anxiety Scale (Reynolds & Richmond, 1978) 22 Short Leyton Obsessional Inventory-Child Version (Bamber et al., 2002) 23 (Asher et al., 1984) 28 Bauminger Loneliness Scale (Bauminger et al., 2003) 29 CASI-4 anxiety scale 30 Autism Diagnostic Observation Schedule (ADOS) (Lord et al., 2002) 31 Social Communication Questionnaire (SCQ) (Berument et al., 1999; Rutter et al., 1994) 32 Social Response Scale (SRS) (Constantino & Gruber, 2005) 33 Social Competence Inventory (SCI) (Rydell et al., 1997) 34 Kiddie Schedule for Affective Disorders and Schizophrenia (Mattila et al., 2010) jedp.ccsenet.org Vol. 9, No. 2; Most of the instruments were not designed for use with people with ASD and some were originally intended for adults and adaptations have been proposed for use with young people with ASD (Stavrakaki et al., 2007; Sclauch et al., 2007; Bailey & Andrews, 2003) . Mohr and Costello (2007) reviewed a number of instruments that have been used in various studies for monitoring psychiatric symptoms and psychometric findings in people with intellectual disabilities (deBruin et al., 2007; Mehtar & Mukaddes, 2011; Wozniak et al., 1997; Gadow et al., 2005; Herguner & Motavalli, 2009; vanSteensel et al., 2011; Dawson & Bernier, 2013) . The Mood and Anxiety Semi-Structured Interview, based on the criteria of DAS IV-TR, has shown validity and sensitivity in the assessment of patients with intellectual disabilities (Charlot et al., 2008) .
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The Fear Survey for Children showed good internal consistency and moderate correlations with other measurements of anxiety 138 adults with mental retardation (MR) (Ramirez & Lukenbill, 2007) and was used to evaluate fear and anxiety in children with (MR) and learning difficulties. Parental assessment version of the Fear Survey for Children showed a greater number of fears in children with developmental disorders (Matson, Love, 1990) and association with age, gender and disability levels.
The Anxiety Depression and Mood Scale tested on 129 patients with clinical MR showed good internal consistency but moderate reliability (Esbensen et al., 2003) .
Other instruments tested include the Glasgow Anxiety Scale for people with a mental disability, which showed validity and reliability (Mindham & Espie, 2003; Dekker et al., 2002) , the Psychopathology Inventory for Mentally Retarded Adults (Balboni et al., 2000; Masi et al., 2002) , the Psychiatric Assessment Schedule for Adults with Developmental Disability, the Anxiety Disorders section of the Diagnostic Interview Schedule for Children (Dekker & Koot, 2002; Muris et al., 1999) and the Early Child Inventory and Child Symptoms Inventory based on DSM-IV criteria (Weisbrot, Gadow, Vincent Promeroy et al., 2005) have also been used.
The Yale-Brown Obsessive Compulsive Scale detected obsessive and compulsive behaviors in adults with ASD and OCD with adults with OCD but no developmental disturbances the (McDougle et al., 1995) .
Several instruments have been used specifically for assessing anxiety in children and young people with ASD. An adapted version of the Ontario Child Healthy Study questionnaire completed by parents of 59 children with ASD aged between 9 and 12 years revealed general anxiety in 13.6% and separation anxiety in 8.5% (Kim et al., 2000) .
An adapted version of the Kiddie Schedule for Affective Disorders and Schizophrenia (KSADS) was used to collect information from the carers of 109 children with ASD aged 5-17 years the most common anxiety disorder detected was phobia (44.3%) followed by OCD (37.2%) and separation anxiety (11.9%) (Leyfer et al., 2006) . Simonoff and colleagues (2008) through parental interviews based on DSM-IV diagnostic criteria for anxiety disorder and social anxiety disorder is the most common form (29.2%), followed by GAD (13.4%) in a sample of 112 children and young people with ASD aged 10-24 years.
An effort has been made to design instruments for assessing anxiety in children with ASD and those of TD for use with teachers, parents and the children themselves.
The School Anxiety Scale Teacher Report (SAS-TR) evaluates teachers' perceptions of the symptoms of generalized and social anxiety presented by the child in the school setting. The SAS-TR is designed for assessment of children aged 5 to 12 years. The Child Behavior Checklist (CBCL) (Achenbach & Rescorla, 2001 ) is a 120-item instrument completed by the parent with a 3-point scale (0 = not true, 1 = sometimes true and 2 = always true or often true) designed to measure behavioral and emotional problems and social skills in typical 4-18 year old children. It includes two parts, one to evaluates the child's social capacity and the other emotional and behavioral problems in the past 6 months. Two broad categories (internalization and externalization) can emerge.
The CBCL covers 8 dimensions including aggressive behavior, anxiety/depression, attention problems, behavior violation, social problem, body complaints, thinking problems and withdrawal/depression. The scales have shown internal consistency (.90) reliability and validity and stability on re-check (.89).
It has been used in studies of children with ASD (Fischbach & Lord, 2010) . Kuusikko and colleagues (2008) created a revised version of the CBCL, the Social Anxiety Scale for Children -Revised, and Social Phobia and Anxiety Inventory for Children, blocking items that may overlap with sympotms of ASD. In addition, there is the Anxiety Scale for Children's Autism Spectrum Disorder (ASC-ASD) tool.
The Screen for Child Anxiety Related Disorders (SCARED) is a 41-item instrument completed on a 3-point Likert-type scale. It is published in two versions: one of which, the parent's version (SCARED-PV) puts questions to parents about the child and the other asks the same questions to the child directly (Magiati et al., 2015) . The purpose of the tool is to record signs of anxiety disorders in children. Screen for Child Anxiety Related Disorders -Parent Version.
Spence's Children's Anxiety Scale (SCAS-C) evaluates the severity of anxiety symptoms in general with regard to the anxiety disorder proposed by DSM-IV. The scale evaluates six areas of anxiety including general anxiety, panic/agoraphobia, social phobbia, separation anxiety, obsessive compulsive disorder and fear of physical injury. It is designed to be completed by children relatively easily and quickly, taking about 10 minutes to answer the questions. The instrument includes 44 items, ranked on a 4-point scale, of which 38 reflect specific anxiety symptoms and 6 are related to positive aspects, to reduce negative bias in responses SCAS-P is the parental version of SCASS, adapted for completion by the parents of the children (Nauta et al., 2004) .
Hierarchical classification by regression analysis provides SCAS-P subscales, including separation anxiety, social phobia, generalized anxiety, panic attack and agoraphobia, physical injury fears and OCD (Magiati et al., 2015) .
Multidimensional Anxiety Scale for Children 2nd Edition TM is a revised version of the Multidimensional Anxiety Scale for Children (MASC). It is completed by the child in less than 15 minutes and evaluates anxiety related symptoms in young people aged 8 to 19 years. The instrument consists of 39 items which assess four major parameters of anxiety (physical symptoms, injury avoidance, social separation/panic) and produces an index of total anxiety. It shows good reliability (.88) and stability (.93) for over 3 months, and which the exception of injury avoidance, correlates significantly with the Revised Children's Manifest Anxiety Scale (Reynolds & Richmond, 1978) . The tool distinguishes between serious anxiety symptoms and dimensions and other tools usually do not detect and contributes to early detection, diagnosis, treatment planning and monitoring. It is consistent for males and females and younger and older children.
The Behavior Assessment System for Children -2 (BASC-2) (Reynolds & Kamphaus, 2004; Bradstreet et al., 2017) has subscales for anxiety as does the Negative Affective Self-Statement Questionnaire (NASSQ) (Roman, et al., 1994; Grodhuis & Aman, 2012; Lecavalier et al., 2014) . A few studies have adapted scales to assess anxiety in young people with ASD (Sukhodolsky et al., 2008) , which may be identified with the symptoms of ASD (e.g. difficulty in paying attention). From the Computer-assisted self-interviewing system (CASI-4) anxiety scale a customized 20-item index with moderate internal consistency has been created (Cronbach's alpha = 0.85). There have been no studies to evaluate the agreement between these scales and a diagnostic interview, but they provide a step towards understanding the logic of existing anxiety scales. Revised scores can be an additional way of adapting such tools for young people with AS (Mazefsky et al., 2014; vanSteensel et al., 2011; .
The Autism Diagnostic Observation Schedule (ADOS) (Lord et al., 2002 ) is a structured interview-based and observational assessment performed with the child's participation. The child is presented with activities and questions that attract communication and social behaviors typically for people with ASD. Algorithms for communication and socialization are calculated to support the diagnosis of ASD. ADOS typically takes 30-45 minutes to complete and has high reliability (Lord et al., 2002) .
The Social Communication Questionnaire (SCQ) (Berument et al., 1998; Tutter et al., 1994 ) is a successful diagnostic interview for ASD. Completed by the parent or guardian of the child in about 10 minutes, SCQ is a reliable instrument with internal coherence from .84 to .93 (Rutter et al., 2003) for assessing and diagnosing ASD. Although the usual score for the purpose of diagnosis is 15 (Rutter et al., 2003) , in higher functioning children a lower limit is acceptable if the diagnosis is supported by clinical evaluation by other means (Corsello et al., 2007) .
The Social Response Scale (SRS) (Constantino & Gruber, 2005) , completed by the parent is a 65-item scale that measures autism symptoms as they occur in typical social situations. It is completed in 15 to 20 minutes and yield a total score reflecting the seerity of social weaknesses in ASD and symptoms in 5 key areas. The inner coherence of the SRS is excellent (a = .97) (Constantino & Gruber, 2005) . The SRS provides a measurement of ASD, with higher scores in SRS showing a greater degree of social disability.
The Social Competence Inventory (SCI) (Rydell et al., 1997) supplemented by the parent is a 25-object questionnaire rated on a 5-point Likert scale. It contains two sub-scales derived from the factor analysis: The Index of Prosocial Orientation (PO) (17 items), which assesses the child's ability to behave appropriately in normal and problematic (e.g. conflict) social conditions with adults and the Social Initiative Index (SI) (8 items), which measures he child's ability to take social initiatives with peers. Higher scores show better social function. Both scales have been validated with regard to behavioral observations and have excellent reliability (a = .88 and .75).
The Loneliness Questionnaire (Asher et al., 1985) is a weighted self-referencing tool that evaluates the feelings of loneliness.
loneliness or feelings of loneliness and lack of tender bonds (9 questions) and social loneliness or the child's perception of lack of social intercourse with peers (13 questions) ).
The Kiddie Schedule for Affective Disorders and Schizophrenia (Mattila et al., 2010) has also been used with children with ASD.
The Studies
Several studies have attempted to compare the effectiveness of different methods of measurement of anxiety. One study focused on the accuracy of brief anxiety scales for young people with ASD. The extended version of the Anxiety Disorders Interview Schedule -Child/Parent, designed to detect formal and informal from PARS and BASC-2 and SCARED were completed by 54 children with ASD (age range 7-17 years, IQ: 67-158) and their parents. The results showed that the scoring was not sensitive and the detection of non-formal fears was particular poor. The authors concluded that revised tools are needed to research young people with ASD (Nauta et al., 2004; Magiati et al., 2015) .
Non-typical anxiety symptoms detected included unusual specific phobia (such as fear of fans, advertising songs, bubbles), excessive anxiety about change, oppressive, coercive behavior that could not be directly linked to unwanted thoughts or feelings, and social fear despite the limited awareness of social criticism. Other studies have described, but have not formally assessed such non-formal fears and concerns in ASD (Hallett et al., 2013; Leyfer et al., 2006; Muris et al., 1999; Ozsivadjian et al., 2012; Trembath et al., 2012) . Such non-typical symptoms and the overlapping of anxiety and ASD increase support for measures designed for this population, rather than adapting those for people of TD (Scahill, 2012) .
The sensitivity and specificity of the Revised Children's Manifest Anxiety Scale (Reynolds & Rishmond, 1978) and the Short Leyton Obsessional Inventory-Child Version (Bamber et al., 2002) were found lower in a community sample than previously reported vanSteensel et al. (2011) found lower levels of sensitivity and specificity for Dutch child and parent reference versions and validity was poorer for young people with ASD. Storch and colleagues (2012b) found that the PARS showed acceptable convergent validity (ICC correlation coefficient -0.86) and correlation of re-coefficient ICC = 0.83 when conducted after an interview provoking anxiety in a young person with ASD seeking treatment. Evidence was found of a separate structural factor for the MASC on parental reporting, but not for the children with or without ASD (White et al., 2014) . Hallett and colleagues (2013) found DSM-4 to be consistent and to distinguish anxiety factors when tested with CASI-4 in young people with ASD in the UK. These findings support the idea that symptoms of anxiety may be manifested differently in young people with ASD, who may require a modified assessment approach, but they apply only to those seeking treatment.
Mattila and colleagues (2010), using the Kiddie Schedule for Affective Disorders and Schizophrenia with 50 children and their parents reported that the most common anxiety disorder in 9-16 years old children are phobia (28%) and OCD (22%).
Grondhuis & Aman (2012) reviewed the variability (reported as 11% to 84%) in the prevalence of anxiety disorders in children with ASD and highlighted the difficulties of anxiety measurement based on self-reports which may be limited by cognitive or verbal functions and questioned the relevance of the scale developed for non-ASD populations.
In a sample of 1.033 children with autism, Mayes and colleagues (2013) reported unusual fears, including fears of brooms, elevators, toys, swings and air in 41% of young people. Kerns et al. (2014) found a similar prevalence of standard anxiety symptoms (46%), and non-standard anxiety symptoms in young people with ASD (148%) using a short tool for assessing anxiety in young people with ASD . Lecavallier et al. (2014) examined 10 such tools, concluding that only four are considered appropriate for use in clinical trials in children with ASD and under specific conditions related to their use. Some of the parameters that affect the difference between 11% and 84% in the various reports may be related to the child's age and the severity of the ASD.
The low cognitive function (IQ<70), of many children with ASD, estimated to be 38-50% (Centers for Disease Control, 2012) may impede their ability to express anxiety. In their review Dawson and Bernier (2013) concluded that self-assessment instruments that are credible in children of TD may have limited utility in cognitively low functioning children with ASD. For this reason, parents and carers are often considered more reliable informants of the children's anxiety, bt even they find it difficult to infer which behaviors result from anxiety and which from ASD. In addition to verbal competence, the child's IQ may affect parental scoring, which tends to be higher for anxiety in children with higher IQ (Weisbrot et al., 2005; Hallett et al., 2013) . In contrast, the meta-analysis of vanSteensel et al. (2011) documented higher rates of anxiety disorders in children with lower levels of mental function even if their anxiety is not expressed verbally.
Gender differences could not be addressed in some studies as few girls were involved but were explored, no differences were found (Kirkovski et al., 2013) .
Some studies report more symptoms of anxiety in older than in younger children with ASD (Kuusikko et al., 2008; Lecavalier et al., 2006; Mayes et al., 2011; Vasa et al., 2014) while others noted no age (Farrugia & Hudson, 2006; Hallett et al., 2013; Pearson et al., 2006; Sukhodolsky et al., 2008) . The types of anxiety may be age related as a meta-analysis (vanSteensel et al., 2011) showed higher rates of that overall anxiety and GAD in older children and of separation anxiety and OCD in younger children with ASD.
Significant positive correlation between cognitive ability/adaptive function and increased symptoms of anxiety has been reported in ASD studies (Davis et al., 2008 , Hallet et al., 2013b Lecavalier, 2006; Mayes et al., 2011; Niditch et al., 2012) but not others (Brereton et al., 2006; Simonoff et al., 2008) and Kerns and Kendall (2012) suggested that cognitive abilities may be related to specific types of anxiety. Sukhodolsky and colleagues (2008) found that youngsters with IQ > 70 were more likely to experience clinical symptoms, phobias, panic and social anxiety symptoms and severe general anxiety than those with IQ < 70. Hallett and colleagues (2013b) also reported positive correlation of IQ with the parental score for social anxiety, but not panic or OCD symptoms. Magiati and colleagues (2011) examined the association of age, adaptive function and severity of autistic symptoms with anxiety symptoms reported by the carers of 241, 6-18 year old children with ASD attending special schools in Singapore. The methods included SCAS and a global assessment of emotional, behavioral and adaptive functioning. More symptoms of overall anxiety but less social anxiety symptoms were detected by SCAS than in Australian samples. Differences in the overall anxiety score was best explained by the severity of the symptoms of repetitive verbal stereotypic behavior, which was an important predictor of separation anxiety, GAD, panic/ agoraphobia, and OCD, but not social phobia and fears of physical injury. Adaptive functionality and chronological age were related to social phobia and GAD. The degree of disability in social communication was not related to any anxiety symptom when the other factors were controlled for (Magiati et al., 2015) .
Discussion
The configuration of the items scale requires caution when assessing the measurement of anxiety in ASD. In addition to being reliable and valid, the measurement should be sensitive to change over time and be able to distinguish between the most and the less commonly observed symptoms. An evaluation tool with a long list of items can be time-consuming and unfeasible for repeated measurements in long-range random tests. An ideal instrument should achieve a balance between absolute detection without tiring and confusing the individuals involved. If the evidence suggesting that panic disorder and PTSD are not common in children with ASD is confirmed by further studies, items related to these disturbances could be removed from a scale for children with ASD with no effect on the usefulness of the instrument. Special fears, social anxiety and separation anxiety are more common, and should be explored vanSteensel et al., 2011; Kerns & Kendall, 2012) .
The expression of anxiety may be unique in children with ASD. The insistence of a child in following particular routines may be anxiety-driven and distress and over-reaction to change or to small frustrations may reflect the degree of anxiety. Instruments for use with children with AS should be able to detect such reactions. Even in children of TD, boundaries between anxiety disorders may not be clear, as children often have symptoms of more than one anxiety disorder (Walkup et al., 2008) . Many young people with ASD face a variety of anxiety problems and may be overwhelmed by them (deBruin et al., 2007; Farrugia & Hudson, 2006; Kerns et al., 2014; vanSteensel et al., 2011) . The treatment of anxiety in ASD depends on accurate detection (Matson & Nebel-Schwalm, 2007) . Social avoidance, poor communication, repetitive and limited behaviors are common in ASD, but may resemble the traditional symptoms of anxiety (Cath et al., 208; Hartley & Sikora, 2009 ). In addition, there is debate about whether anxiety occurs in a different way among children with ASD from those of TD (Ollendick & White, 2012; Scahill, 2012; White et al., 2013; Wood & Gadow, 2010) .
Lack of consistency and stability in testing can make clinical treatment planning difficult because the clinicians may not be able to determine whether the levels of an anxiety disorder in a specific child with ASD are unusual. Clinical decisions on whether or not to treat anxiety comorbidity should be based on a variety for factors, for example, whether the level of anxiety interferes with day-to-day functioning or whether it appears in specific situations.
One issue raised by the studies is the sample selection and another is the procedure for collecting anxiety information on children with ASD. Usually the person competing the scale is the parents and the instrument, based on the DSM or a similar weighted scale, is completed in a interview. Concerning the source of information, however, there is evidence of differences between the anxiety rates reported by the parents of a child with an ASD and the self-reports given by the children themselves. Although some studies found that self-reporting anxiety scales in high-functioning young people with ASD are correlated with parent reports (Farrugia & Hudson, 2006) , others have reported that the parents' reports may have be more accurate (Russell & Sofronoff, 2005) . Parents usually record the anxiety of a child with ASD more severely than the child does (Blakeley, Smith et al., 2012; Russell & Sofronoff, 2005) , although others found that adolescents valuate their anxiety level higher than their parents; estimate (Storch et al., 2012a; Hurting et al., 2007) . One study suggests that self-reports of children with ASD should be used with caution (Mazefsky et al., 2014) , but another study using a biomaker in boys with ASD found that their self-evaluation, but not the parental assessment, was significantly related to the indication of the stress meter. White and colleagues (2009) investigated the relationships between anxiety, loneliness and social disability in a clinical sample of high functioning young people with ASD, using both the parents and children and adolescents as informants. The primary purpose was to explore self-reports on the experience of anxiety in young people with ASD. The hypotheses were that young people with more social disability would report more symptoms of anxiety.
Concerning the type of evaluation process used, some studies include data from a professional interview (Storch et al., 2012a) while others are based solely on self-reports and/or reports by parents and teachers. Some reviews (Matson & Nebel-Schwalm, 2007; vanSteensel et al., 2011; have highlighted the problems of a categorical system of information collection (not enough symptoms to meet the required diagnostic criteria) rather than a method that determines the relative severity of anxiety disorder in a continuous or multi-scale (as used in some weighted questionnaires). As a result, the reviewers offer directions for further research on the impact of the evaluation process and sources. For example, White and colleagues (2009) reviewed 40 reports on this issue and suggested the inclusion of several sources of assessment (the parents and the children themselves) and different types of assessment methods (e.g., diagnostic scales based on the DSM-5 categorical system, and in addition weighted scales and the use of non-dichotomous percentages of symptoms) when measuring anxiety in a population with ASD. In a meta-analysis of 31 studies on anxiety in children with ASD, including a total of 2.121 participants under the age of 18 years, reported that "the studies were largely dominated by parents' reports". Achenbach and colleagues (1987) found only moderate levels of accordance between parents' assessment of child anxiety and children's self reporting of their anxiety, so it was not possible to "effectively trap" the true state of a child's anxiety from the child reports only. Another review, not specifically related to ASD, showed that parents tended to report more symptoms of dysfunction in their children when they were selected from a clinical rather than the general population (Montgomery, 2008) . The overall conclusion is that, although people with ASD may have difficulty in describing internalized symptoms of anxiety due to communication deficits, social skills, and mental functioning and reliable diagnostic information is difficult to obtain self-reporting should be included in the assessment (Reiss, Levitan, & Szyszko, 1982; Kerns, Renno, Kendall, Wood, & Storch, 2017) .
Two methodological issues arise concerning future research on the prevalence of anxiety disorders in children with ASD. Firstly, the use of multiple informants is recommended for future studies, particularly involving children with ASD as informants as they may be expected to have a more direct assessment of their own anxiety state. Secondly, different forms of anxiety assessment should be included in the protocols, in order to be compared with DSM-5 based split rankings and percentage scales that allow a wider range of scores in diagnostic criteria, rather than simply examining whether symptoms are present or absent.
Clinical Implications
Concerning diagnostic evaluation, certain recommendations can be made. In the office, clinicians should conduct a physical and mental status examination when evaluating anxiety. Elevated heart rate or blood pressure may reflect situational anxiety related to the medical procedure or office visit. Other anxiety signs include tremors, nail biting, bald spots secondary to hair pulling, and skin lesions due to skin picking. A palpable thyroid, fine skin or hair pulling, and skin lesions due to skin picking. A palpable thyroid, fine skin or hair, and/or brisk tendon reflexes suggest checking the thyroid status as a possible cause of anxiety symptoms. Mental status examination may reveal poor eye contact, negative affect (e.g. fear, irritability), and changes in communication (e.g. stuttering, increased vocalizations, decreased verbal exchanges). The presence of disruptive behaviors may reflect anxiety or a desire to escape from the situation and therefore require careful assessment. Some children may not exhibit signs of anxiety on examination even though they experience anxiety in other settings (Sclauch, Gordon, Schmidt et al., 2007) .
Assessment should be made for specific anxiety disorders and anxiety symptoms related to ASD. Many young people with ASD meet criteria for anxiety disorders according to (DSM-5) ( Table 1) but they may exhibit atypical anxiety symptoms that do not fit, such as, anxiety about sensory stimuli, changes or social situations. The assessment of anxiety is children with ASD should therefore focus on both categorical and atypical symptoms (Baron, 2008) . There is wide variation and, for example, some individuals are debilitated by change and others by social transactions (White & Roberson-Nay, 2009; Spiker et al., 2011) . There may be concomitant problems such as nervousness, aggression and hyperactivity (Lecavalier, 2006; . Although the relationship of these problems with the defined features of the ASD is not entirely clear, they may complicate the clinical picture and contribute to the overall disability of the disorder (Lohr et al., 2017; Postorino et al., 2017) .
Clinicians should inquire about the function of the ritualistic behaviors and ask questions to help to understand whether overlapping symptoms are explained solely by ASD or are consistent with a concomitant anxiety disorder. A referral to a behavioral psychologist, who can conduct a functional behavioral analysis, may help differentiate these etiology into the various forms of anxiety (Blakeley-Smith et al., 2012) . It is important to distinguish preexisting ASD characteristics from new-onset anxiety symptoms and to recognize intensification of symptoms.
The clinician should also assess and treat other psychiatric and medical conditions that may cause or aggravate anxiety. Treating other conditions that may exacerbate anxiety should therefore be part of the treatment plan and should be considered before treating anxiety directly (Cath et al., 2008) .
Comorbidity is prevalent in young people with ASD but may also reflect the presence of anxiety. For example, gastrointestinal and sleep may both cause and aggravate anxiety. Complex partial seizures may present with anxiety-like symptoms, including fear, misperceptions, and irritability. Some medications (e.g. psychostimulants, bronchodilators, allergy medications) can cause anxiety and may need to be changed.
Psychological stressors and suboptimal behavioral and educational supports may contributing to anxiety and need to be addressed. Many children with ASD have a strong need for "sameness" and prefer predictable routines and schedules. These changes may be minor (e.g. desks moved in class) or substantial (e.g. new school, loss of a one -to-one aide, loss of in-home behavioral support services, change in a parent's job schedule) (Cath et al., 2008) .
Anxiety may also result from a mismatch between the child's needs and the types of supports in place in his/her daily life. Unrecognized learning problems and gross or fine motor, speech and language difficulties may aggravate anxiety. Many children with ASD experience bullying and peer victimization in school, which may lead to significant anxiety.
Stressors in the family environment must also be evaluated. Parents of youth with AS experience greater stress than parents of children with Down's syndrome and children of TD. Parental anxiety may contribute to anxiety in children, through modeling of anxious and overprotective parenting behaviors (Myles et al., 2001) .
Inquiring about recent stressors and working with parents to alleviate these stressors is critical. Clinicians can help with educational advocacy (e.g. talking to school staff or writing letters indicating the need for increased services at school), suggesting strategies to stabilize the home environment (e.g. increasing structure and predictability), assessing resources (e.g. behavioral therapy, respite care), and medical treatments). The child's anxiety level should be reassessed to determine if symptoms have decreased after modifying these stressors.
Children with ASD may differ in their ability to self-report symptoms of anxiety due to age, verbal fluency, and cognitive ability. If the child appears to be capable, it is important to assess his/her ability to understand the experts emotions (e.g. "Do you know what I mean by nervous or scared?" Tell me a time when you were nervous") and provide developmentally appropriate explanation of these emotional terms when needed. Some children may respond better to forced choice responses (i.e. those requiring a "yes" or "no" response) than open-ended questions. Other children may be able to provide responses using visual analog scales rather than through verbal response. If emotional insight is compromised, results must be interpreted cautiously.
Clinicians must rely on accurate reporting of children's anxiety symptoms by parents and other caregivers, which may include avoidance and crying in response to specific stimuli or contexts, freezing behavior, fearful affect, clinginess and increased repetitive behaviors and/or vocalizations. Irritability, tantrums, disruptive behavior, aggression, worsening sleep problems, and self-injury may also suggest the presence of anxiety. Parents with an anxiety disorder may have enhanced perceptions of anxiety in their child. Sometimes, there may be disagreement between parent and child reports. It is therefore important for clinicians to collect collateral information from school staff and other caregivers in the form of narratives and behavior reports to supplement their findings (Weissman et al., 2006) . There are few well-validated tools for assessing anxiety in youth with ASD, and as such, clinicians often depend on measures used in children of TD when assessing anxiety in ASD. Some scales such as the SCARED show comparable psychometric properties in young people with ASD and those of TD, whereas others, such as the MASC, show factor structures that differ between the two groups. Preliminary data on the SCAS indicate that it may serve as an effective anxiety-screening tool in ASD. Data from two systematic reviews indicate support for additional anxiety scales in children with ASD the RCADS, the CASI-4R, and the PARS, but with measurement limitations in all three, and some of these scales may not detect atypical fears.
In summary, data from instruments used for children of TD should be interpreted cautiously when applied to ASD. It is preferable to use multiple sources of information (e.g. parents and child) and also reliable and valid scales to evaluate psychiatric symptoms .
After collecting all the relevant information data, the clinician should assess whether anxiety-related impairment is present (e.g. How much does anxiety interfere with daily functioning? Is functioning impaired across multiple settings?). Assessing the contribution of anxiety symptoms (e.g. schoolwork avoidance or behavioral challenges at school and home) to the overall impairment and functioning of the child with ASD will help in the prioritization of treatment (Esbensen et al., 2003) .
Conclusions and Recommendations
This study aimed to review criteria of anxiety, instruments and the process of assessment of anxiety symptoms in individuals with ASD. Among the factors that make it difficult to estimate anxiety in children with ASD is the overlap of symptoms. Diagnostic uncertainty. I may result in the clinical setting and internal and external disorders may not be diagnosed. This increases the risk of not providing adequate support to these children, possibly resulting in greater difficulty in their social interaction and their inability to adapt to the school environment.
Cross checking of the anxiety symptoms with different instruments and methods, including information from parents and teachers, systematic observation of children with ASD in their natural environment, suspicion about possible triggers or causes of manifestation of anxiety symptoms could contribute to a more objective estimation of anxiety disorders in ASD and the design of targeted intervention strategies.
In the research setting Developmentally Appropriate Multi-Informant and multi-method assessment of anxiety in ASD is recommended: Current evidence supports the use of multiple assessment modalities and informants, including data from clinical interviews and scales gathered from several informants (e.g. child, parent and teachers), along with behavioral observations were possible. Assessment of anxiety in this population can be more laborious than in young people of TD because of compromised language and cognitive functions in the child and the presence of complex conditions that overlap with anxiety. It is also important to evaluate the effect of child and family stressors. The instruments developed for the assessment of anxiety in adults and children of TD may not adequately detect anxiety in children with ASD.
